Abstract-This paper presents fuzzy similarity based Fuzzy Technique for Order Performance by Similarity to Ideal Solution (TOPSIS) for z-numbers. The classical fuzzy TOPSIS techniques use closeness coefficient to determine the rank order by calculating Fuzzy Positive Ideal Solution (FPIS) and Fuzzy Negative Ideal Solution (FNIS) simultaneously. The authors propose fuzzy similarity to replace closeness coefficient by doing ranking evaluation. Fuzzy similarity is used to calculate the similarity between two fuzzy ratings (FPIS and FNIS). Fuzziness is not sufficient enough when dealing with real information and a degree of reliability of the information is very critical. Hence, the implementation of z-numbers is taken into consideration as they can capture better the knowledge of human being and are extensively used in uncertain information development to deal with linguistic decision making problems. A numerical example is given to illustrate the application of the proposed technique in ranking company performance assessment. The results show that it is highly feasible to use the proposed technique in performance assessment.
I. INTRODUCTION
Multiple criteria decision making (MCDM) has become a discipline of operations research which has been widely explored by experts or practitioners [1] . It is the process of making decision in the presence of multiple criteria or objectives. Nowadays, uncertainty affects strongly the world where much of the information on which decisions are based is uncertain [2] , [3] .
In the literature on fuzzy set, Zadeh [4] introduced fuzzy set theory in representing vagueness or imprecision in a mathematical approach. In order to do so, the main motivation of using fuzzy sets is based on its ability in appropriately dealing with imprecise numerical quantities and subjective preferences of decision makers [5] . Zadeh [6] proposed the notion of znumber, which is an ordered pair of fuzzy numbers. The component plays the role of a fuzzy restriction and represents the information about an uncertain variable, while the component is a reliability of component and enables to represent an idea of certainty or probability [7] , [8] . The idea of z-numbers is to provide a basis for computation with numbers which are not completely reliable and is more intelligent to describe the knowledge of human beings and capable to cater uncertain information.
The concept of fuzzy TOPSIS is based on the chosen alternative that should be at the shortest distance from the fuzzy positive ideal solution (FPIS) and longest distance from the fuzzy negative ideal solution (FNIS) . Fuzzy TOPSIS at present offers a solution for decision makers when dealing with real world data that are usually multi criteria and involves a complex decision making process [9] . Regarding the level of interaction of with decision makers to imprecise data collection, fuzzy TOPSIS provides good agility in the decision process. In fuzzy TOPSIS, a vertex method is applied to calculate the distance between two fuzzy ratings, which calculate the distance of each alternative from FPIS and FNIS respectively using closeness coefficient. A higher value of the closeness coefficient indicates that an alternative is closer to FPIS and farther from FNIS. In this paper, fuzzy TOPSIS is modified to use fuzzy similarity [10] for ranking evaluation instead of using closeness coefficient. Fuzzy similarity is used to calculate the similarity between two fuzzy ratings.
In real world decision making problems, linguistic variables tend to be very complex to handle but they make more sense than classical fuzzy numbers. Rather than using classical fuzzy numbers, the linguistic scales are expressed in a more details and flexible way by z-numbers. The membership function of type-1 and type-2 fuzzy sets have no information regarding knowledge of human beings. This issue has motivated the authors to propose fuzzy similarity based fuzzy TOPSIS technique that has capability to handle knowledge of human being and uncertain information properly using z-numbers. The proposed methodology is constructed without losing the generality of the fuzzy similarity and fuzzy TOPSIS in fuzzy environment. Also, it is applied for company performance assessment using znumbers.
The rest of this paper is organized as follows: Section II introduces the concept of z-numbers. Section III presents the proposed methodology of Z -TOPSIS using fuzzy similarity. In Section VI, a numerical example is presented in implementing the Z -TOPSIS using fuzzy similarity for company performance. Section V summarises the conclusion.
II. PRELIMINARIES
In this section, we briefly review some basic concepts and definitions that are illustrated as follows.
A. Z-numbers
A z-number is an ordered pair of fuzzy numbers
. First component, Ã is known as restriction component whereby it is a real-valued uncertain on X while second component , B is a measure of reliability for Ã [6] . The illustration for z-number is depicted in Fig. 1 [7] . 
III. PROPOSED METHODOLOGY
This section focuses on the development of Z -TOPSIS using fuzzy similarity. The methodology of Z -TOPSIS using fuzzy similarity is extended from [11] .
Step 1: Determine the weights of evaluation criteria. The weighting of evaluation criteria are employed.
Step 2: Construct a hierarchy structure.
The construction of hierarchy model shows the dependency of criteria towards alternatives that needs judgement matrix filled by decision makers about the evaluation of all criteria. Fuzzy linguistic terms are used to present the evaluation values of the alternatives preferences with respect to different criteria with degree of confidence (reliability) based on z-numbers respectively.
Step 3: Construct the fuzzy decision matrix for alternatives' evaluation. The fuzzy decision matrix is constructed and fuzzy linguistic terms is used to evaluate the alternatives with respect to criteria. Step 4: Convert the z-numbers into type-1 fuzzy numbers and aggregate them. All z-numbers from fuzzy decision matrices are converted into type-1 fuzzy numbers by reduction process using intuitive vectorial centroid.
The intuitive vectorial centroid is an extension of the classical vectorial centroid methods for fuzzy numbers that proposed by [12] . Compare to other centroid methods in the literature, the way to get the centroid value is more intelligent manner, easy to compute, more balance, and consider all feasible cases of fuzzy numbers. Intuitive vectorial centroid can be computed as
where x : the centroid point on the horizontal x-axis ỹ : the centroid point on the vertical y-axis
: the centroid coordinate of fuzzy number Ã
The reduction process of z-numbers into type-1 fuzzy sets using intuitive vectorial centroid can be computed as follows:
Assume a z-number,
, which is describe in Fig. 1 .
are trapezoidal membership function.
[ ] 
Step 1: Converting the reliability component on x-coordinate into crisp number or weight using intuitive vectorial centroid method from equation (3), α
Step 2: Add the weight of reliability component to the restriction component. The weighted z-number can be denoted
Proof:
which can be denoted by the Fig. 3 [7] below: Fig. 3 : Z-number after multiplying the reliability
Step 3: Convert the irregular fuzzy number (weighted restriction) to regular fuzzy number that denoted as
. In accordance with the Theorem 3, the conclusion can be made that ' Z has the same fuzzy expectation with α Z where both are equal with fuzzy expectation. Theorem 2:
Subject to:
which can be denoted by the Fig. 4 as follows [7] : Fig. 4 : The regular fuzzy number transformed from z-number
Then, aggregate fuzzy decision matrix from decision makers' evaluation.
where ij x is the performance rating of alternatives, i A with respect to criterion, j C evaluated by kth experts and
Step 5: Fuzzy decision matrix is weighted, averaged and normalised. Then, defuzzify the standardized generalised fuzzy numbers into coordinate form, Get the average from all criteria using:
Normalized each generalised trapezoidal fuzzy numbers into standardized generalised fuzzy numbers using [11] : Step 7: Calculate the similarity of each alternative from FPIS using similarity matrix. Concept of TOPSIS method originally proposed by [13] . Here, the authors propose fuzzy similarity to replace closeness coefficient by doing ranking evaluation. The similarity matrix is calculated based on fuzzy similarity [10] . Determine the ranking order from values of similarity measure for all alternatives using fuzzy similarity measure proposed by [10] .
IV. NUMERICAL EXAMPLE
A case study of company performance assessment is presented here. Two experts/ decision makers (DMs), DM1 and DM2 are used to evaluate 25 listed companies in Malaysia by market capital that make up the FTSE Bursa Malaysia KLCI (Last updated: 29 September 2016) [14] . Five criteria are considered to evaluate the companies which are: operation (C1), marketing (C2), customer (C3), production (C4) and, financial (C5). This study simplify the concept of alternatives evaluation to ] 1 , 0 [ ∈ A μ for fuzzy events. The values of alternatives evaluation correspond to z-numbers. The proposed Z -TOPSIS using fuzzy similarity (Z -TOPSIS -FS) is compared with Z -AHP [8] and Z -TOPSIS [15] from the literature for comparative study.
Step 1: Determine the weights of evaluation criteria. The weight of evaluation criteria are employed as same value which is 0.2 for each criterion, where the total up is 1.
The construction of hierarchy model shows the dependency of criteria towards alternatives as presented in Fig. 5 below. Step 3: Construct the fuzzy decision matrix for alternatives' evaluation. The fuzzy decision matrices are constructed and fuzzy linguistic terms from Table 1 and 2 are used to evaluate the alternatives with respect to criteria. Table 1 Step 4: Convert the z-numbers into regular fuzzy numbers and aggregate the DMs' preferences.
The fuzzy decision matrices of DMs' preferences of z-numbers are converted and aggregated using equation (6) (7) (8) (9) (10) (11) (12) (13) and (14) respectively.
Step 5: Fuzzy decision matrix is weighted, averaged and normalised. Fuzzy decision matrix is weighted, averaged and normalised using equation (21), (22) and (23) respectively. All these results are depicted as fuzzy performance score as shown in Table 3 .
Step 6 Step 7: Calculate the similarity of each alternative from FPIS using similarity matrix. The similarity measure process is calculated using equation (25). The results of similarity measure are depicted in Table 3 . Table 3 shows that the highest ranking result for company performance assessment is Tenaga Nasional Bhd with similarity measure value 0.8265, while the lowest ranking is YTL Corporation Berhad with similarity measure value 0.1323. These two companies have the highest and lowest ranking for company performance according to the actual ranking and this is in line with the ranking obtained using Z -TOPSIS -FS (proposed), Z -AHP [8] and Z -TOPSIS [15] . These results show that the proposed technique is consistent with the actual ranking and other established techniques in the literature.
Comparison of the ranking results show that there are several but fairly minimal discrepancies in the ranking obtained by the three techniques and the actual ranking. Generally, most of the ranking results from these three techniques give quite similar. In fact, ranking for the Kuala Lumpur Kepong Berhad, YTL Corporation Berhad, Hong Leong Financial Group Berhad, Public Bank Berhad, Malayan Banking Berhad and Tenaga Nasional Bhd are same for all techniques throughout. The rest of the ranking is only slightly affected. Comparing Z -AHP [8] and Z -TOPSIS [15] , both provide inconsistent ranking results for rank 9 and 11 respectively. These duplicated ranking results present the lack of ability of Z -AHP [8] and Z -TOPSIS [15] in handling linguistic assessment properly. The proposed Z -TOPSIS -FS gives prefect ordering without any duplicate ranking results. This shows that it is highly feasible to use the proposed technique in performance assessment.
Spearman's rank correlation technique is used to validate the ranking results which provides easy algebraic structure and intuitively simple interpretation. In addition, the method is less sensitive to bias due to the effect of outliers and can be used to reduce the weight of outliers (large distances get treated as a onerank difference). In general, the coefficient of rho, ( ρ ) measures the strength of association between two ranked variables. The formula used to calculate Spearman's rank is shown below. Table 4 , it is observed that the proposed Z -TOPSIS -FS outperforms the established Z -AHP [8] and Z -TOPSIS [15] from the literature.
V. CONCLUSION
In classical fuzzy TOPSIS, evaluation depends heavily on the selection of appropriate FPIS and FNIS by using closeness coefficient. In this paper, a fuzzy similarity method is applied to company performance selection and evaluation instead of using closeness coefficient. Rationally, replacing closeness coefficient by using fuzzy similarity measure as ranking evaluation provides better judgment for representing fuzzy numbers is many aspects (centre of gravity, parameter and area). Closeness coefficient considers the distance to both FPIS (aspiration level) and FNIS (worst level), but is does not cover the more general aspects of fuzzy numbers representation, i.e. it cannot capture the vagueness of the linguistic assessment properly. The proposed Z -TOPSIS -FS provides better selection in human based decision making problems that is capable of dealing with uncertainty in human judgment. This is helpful in situations where due to lack of access to reliable information and unavailability of complete and certain data, it is hard to make right decisions. In this sense, the consideration of z-numbers in the research work provides the use of fuzzy linguistics by considering the need of human intuition in decision making problems. As a consequence, this study presents the idea in developing to design the robust and reliable methodology for selection alternatives with respect to the resources. Hence, it can be further extended by considering more complicated case studies drawn for diverse fields of human based decision making problems.
